Abstract-Social networking functions make their way through more and more applications for private and professional use as they encourage participation and content contribution. However, designing and implementing components that attract users and truly support content creation is not a trivial task. In this paper, we present our user-centered approach of integrating social network components into a collaboration software system. The Tele-Board system is designed for supporting creative teams in their synchronous and asynchronous whiteboard work via distances. Especially for creating awareness on who did what when and documenting the project progress in general, special functions were needed. We present our procedure and challenges as well as the implementation and user feedback on the new components.
truly support content creation is not a trivial task. In this paper, we present our user-centered approach of integrating social network components into a collaboration software system. concepts from social computing could be beneficial [14] .
In our system, we want to overcome this burden and find an easy and fast way to document collaborative work where as much as possible is done automatically, but still the needs of all team members are fulfilled. For their collaborate work, people are using our "Tele-Board" system [10] , which is designed for collaborative creative work for geographically distributed teams (see chapter II for more details on the system). We already had some ideas on documentation but we were not sure if the things we were planning were really important to the teams who were actually using the system. Additionally, we did not know which elements were most important to the users and including everything would have overloaded the user interface.
Therefore, we chose a user-centered development approach in order to identify the most important functions and to find a way of documenting that would support people in actually doing the documentation as effortlessly as possible. In this paper, we present the chosen approach and show how it helped us to gather user requirements and how to include them in the implementation. Especially for systems or functions that focus on social aspects, we considered the user-centered approach being very helpful as we could directly find out whether the social behavior we intended was addressed or not.
Furthermore, we will demonstrate our solution of integrating a news feed to the Tele-Board web portal and show the related implementation details.
II. SO CIAL COMPUTING FOR TELE-BOARD
Tele-Board is designed for collaborative creative work over distances. The system especially supports teams who are applying methods like Design Thinking [2] , where people write at whiteboards and use a lot of sticky notes. As conventional whiteboards and paper sticky notes are difficult to share via distances, we developed a software suite as a digital equivalent of the traditional tools.
The Tele-Board system consists of different components: a web portal, a whiteboard client, sticky note pad applications, and a server component. The web application is the entry point and main administration interface for design thinking projects and whiteboard panels. A project is a collection of several panels and has different members who are allowed to work on the respective panels. A panel is the direct equivalent of a traditional white board, i.e. in the beginning it is a blank surface that can be filled with drawings, handwritten text and sticky notes. In order to work on a panel, users can start the panel from the web portal and the Tele-Board whiteboard client will open. The whiteboard client is a Java application and thus runs on any computer. Ideally, the computer is connected to digital whiteboard hardware, such as a SMARTBoard 1 , which supports finger-and pen input and this way provides a "whiteboard feeling". As an equivalent to paper sticky note pads we created different applications for writing sticky notes.
There is another Java application dedicated for Tablet PCs and pen input. For finger input it is possible to use the corresponding Apps on an iPad, iPhone or Android device.
The server component coordinates all communication streams and saves all whiteboard interactions to a database. This way, it is possible to view the history of each panel in the web portal (see figure 1) . As all events are stored, users can go back to any point of the whiteboard content development and see what has happened at the board. Especially for team members who could not be at a shared whiteboard meeting this function helps to understand what their colleagues have been doing (for more information on the Tele-Board system and the history functionalities see our prior work [9] , [10] Therefore, we chose a user-centered design approach for the development of these new portal functions. In literature and practice, user-centered design can be understood in a variety of different ways, we consider it similar to Vredenburg et al. [13] as "the active involvement of users for a clear understanding of user and task requirements, iterative design and evaluation, and a multi-disciplinary approach". Within this approach, a variety of different methods may be involved [13] , [15] , whereas we consider the most important ones to be: user research (aka design research or user requirements analysis), prototyping and testing.
In section IV we show how we carried out these methods with regard to the "documenting white board work" challenge.
In the following section, we will briefly give an overview Other research focused on social networks in enterprises [6] , [7] where they analyzed profile pages, connections and which content users usually share. The authors found that the most common pieces of information are comments on activities, followed by contacts and photos. They also analyzed how incentive mechanisms would improve participation, and besides pointing systems, the contribution of their contacts is a very important factor for participation [7] .
Most of the aforementioned research used some user centered design methods such as interviews, observations or testings. Beacker et al. [1] explicitly present their user-centered approach, similar to our research in this paper. They conducted several interviews, created two prototypes and reported on the testing of their system for collaborative writing software. This way, they could prove that the user-centered approach is very useful for creating collaborative software that will be used.
Especially for encouraging participation, social technologies present opportunities, but their design and implementation is also challenging. Therefore, an iterative design process is vital
[11].
As outlined here, there is research on annotations and notifications for asynchronous collaborative work and there is also research on the effectiveness of social networks in enterprises. However, combining annotation mechanisms with social network aspects for improving collaboration is still not in major focus yet. In this paper we present our findings on how to combine the best of both worlds with the help of a user-centered approach.
IV. METHOD AND PROTOT YPING
In the beginning of the project, we wanted to find out, where problems of the users are, in order to identify the functional requirements. It was important to deeply understand and evaluate the context our users were working in. Of course, it was most valuable to study people within our target group, i.e. with a Design Thinking background and examine how they interact with the portal and the prototypes. Additionally, we included participants with different scientific backgrounds, in order to uncover a variety of usability problems.
We asked two groups of users to participate in the study: At the time of user research, these students had already tried out the Tele-Board system and thus were partly used to the state of the web portal at that time.
A. User Research
To understand the people's perspective in a Design Thinking context, interviewing was the preferred method during the early phases of user research. These interviews were captured on video. Furthermore, the interviews were conducted by two interviewers so that one person could focus on the test 2) Insights and Conclusion: User research revealed that users are requesting an extension of the web portal. People see a demand for adding more context information to the whiteboard sessions. These information needs were ranked by the participants as follows:
• What has changed?
• Who was active?
• When did a change happen?
We used this prioritized list as a basis for idea generation.
To display all required information in an organized way, we considering to choose a timeline or a news feed structure.
Though similar, we preferred the news feed because this structure does not focus on the particular time of events but rather on the content and people involved -just like the prioritization of our interviewees. Newest messages would be at the topmost position in order to be best visible for the user. The feed would be shown on the start page after logging into the web portal. That allows the team members to update themselves on the latest changes and the general project progress. Besides the automatically generated messages, user comments could also be shown here. Every portal user would have a simple view on all projects he is involved in. The feed view could also be shown on the project and panel pages.
Messages would be filtered and only be shown for the specific project or panel that is selected. Recent developments of social networks have also proven that content feed structures [4] are valuable for encouraging contribution and make people feel part of a community [7] , [8] .
As mentioned, interviewees (of the ME310 course) liked the idea of having "Meta Sticky Notes". This can be seen as a way of adding comments in order to express opinions or other information regarding a certain whiteboard state.
Commenting could also be useful for panels in general or whole projects. We also wanted to give the possibility to comment on automatically generated messages.
Looking back at the priority list, users mentioned the indi vidual who edited a white board to be an essential information.
Editing of a whiteboard will usually take place in a team of 3-6 people. However, the whiteboard client can only be started by one user of the team. From a technical point of view it is only possible to capture who opened and closed the whiteboard client. To give the user a possibility to record the information who was also present during the session, we planned to include an "after-work page" where colleagues, who were co-workers in this sessions, can be selected.
B. Prototyping
After collecting requirements from the users and having first ideas on how to realize them, we had to assess if our assumptions were right and the concepts really fulfilled the users' needs. Conceptional flaws were most important to uncover during this early prototyping phase. Later, we developed prototypes that were more elaborated and more detailed. The better we prevented conceptional mistakes in early phases, the less modifications had to be applied after the implementation.
1) Paper prototype:
As a first prototype we used a simple paper prototype to visualize the added functionality of the web portal. It was supposed to help us evaluating basic interaction concepts. In general, we found that paper prototypes are not a very good medium for dynamic web pages. Oftentimes, only small parts of the page change but there are several ones of them and each has to be created separately and exchanged during a test. This was confusing for the test participants. The dynamic nature of appearing and disappearing elements is also hard to convey to users. Still, one problem could be uncovered concerning the position of a comment: it was unclear, to which entity a comment would refer to, e.g. a project or a panel.
As the creation and customization of the paper prototypes was very time-consuming and tests were not as close to reality as we expected, we realized later prototypes with a tool called Pidoco4. Existing web pages can be used and interlinked with each other. Accordingly, these clickable prototypes have a much more realistic behavior, whereas pencil-like contours are used to display the graphical elements. The sketched appear ance can be crucial in order to communicate that functionality is not fixed and can easily be changed. Based on the misunderstandings and usability problems that we found out with the first Pidoco prototype, we refined the second version of it. First, the "I am there" link was removed, because it often confused people and we can get the same information even more reliable out of the "after work page" (see figure 4) . It turned out that it is unlikely for every user to log into the portal and use the "I am there" function.
To create a clear arrangement of the user interface elements, we decided to move every function to the same position within the feed entry and generalize the entry types (see figure 3 ).
On the overview page, we removed the input field, because of the missing context on this page. This field is still used on the project and panel pages to post context-related status messages.
3) Iteration on Pidoco prototype: Users appreciated the changes we made on the prototype, so that the second test phase went even better. The workflow was perceived as more fluent by the test persons as well as the observers.
Most remarks the test persons made now, were rather related to design refinements than conceptional questions. It was mentioned that the generic text from automatic status messages (e.g. "User A worked on this panel") should be visually distinguishable from user-created content.
Multiple participants raised the question if filling out the after work page is mandatory or optional. The necessity to fill out this page was claimed to be negative. One suggestion was to add a "skip" button to this page, to enable users to circumvent this form. Still, users perceived the after work page to be unclear. Especially the relation of the input field to the images was ambiguous. People guessed that it was possible to comment in the name of the whole team that has been selected here. Besides other deficiencies, this was changed in the next version of the Pidoco prototype (see figure 4) .
After this third revision of the prototype, people's feedback was consistently positive. Inferring from the behavior and
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comments of the test persons, they really liked the interaction concept and found it clearly understandable.
The major usability problems were uncovered by various test iterations and could be resolved on the way towards a final prototype. The result of this substantial test phase was a prototype, which is proved from a conceptional as well as from a usability perspective. This approach saved work for time-consuming changes of the final implementation. The
Pidoco platform and the prototypes created with it, produce a well-suited implementation template, which can be easily implemented in a straight-forward way.
V. IMPLEMENTATION
After defining the necessary functionality through inter views and multiple iterations with different prototypes, the final implementation was realized. There are other challenges for implementing new functionality into an existing system than creating a completely new environment. Basic decisions were already made, e.g. for a web framework or the data struc ture in the backend. This framework can be used to implement the new functionality. The existing Tele-Board web portal is developed using the CakePHP frameworks, which is using the MVC paradigm 6 . Especially for user centered development, it is beneficial to clearly separate the user interface from the logic behind. This means, when modifying the user interface, only small changes have to be made in the backend. This way, it is possible to quickly realize suggestions and to test the interaction.
A. Model
In figure 5 the newly added model elements are outlined.
Attributes and relations to other classes are not included here.
The central element is the Feeditem. It represents a single entry in the feed, which can be seen in figures 2 and 3. • status and comment will be called asynchronously, when a user created a status text or a comment. This entry will be created and sent back as a partial to the client, which then can refresh asynchronously. This will be achieved by calling the following method.
• view (id) renders a single Feeditem.
Additionally, other controllers were changed, e.g. the Pan elController, which will create new Feeditems when actions Panel-wise through the sessions, differentiating between active and current, which is the currently merged overlapping session with multiple users and the next single session. In every step, it will be checked if current is within active. If so, the user of current will be added to the active list and the end time of the cumulated session will be increased to the higher value of active or current. If active is not in current, it is a new session, which will result in the creation of a new Feeditem.
All changed and closed Boardsessions will be marked as parsed and not considered for the next run, which will start when another session starts or ends.
B. Controller
The methods within the Feeditem-Controller represent the connection between the view partial7 and the model. The methods index, status, comment, and view should be explained a bit more detailed:
• index (project = null, panel = null) out puts a feed for a given context. This can be a Project, a Panel or empty, which describes the feed including all Feeditems the user is allowed to view, based on the rights In the first implementation versions, the feed was displayed between other elements on the respective page, i.e. between general project and panel information. In order to make sure that the project pages still displayed all panels, we had to use an iFrame. This iFrame was a scroll able part inside the page. Users consistently rated the iFrame confusing and not usable. We could solve this problem by introducing tab views to the Tele-Board portal in general and this way separating the information on different views (see figure 6) . From a technical point of view, the use of partials was also very beneficial here .
Another issue was the unclarity whether a status message was sent or not. First, we tried different animations, but then one user stated that it was confusing that the text still remained 
VII. CONCLUSION AND OUTLOOK
Very often we encountered comments and remarks that were surprising or we did not think about at all. Although they seemed to be obvious afterwards, we were too much involved to see it in the beginning. We also noticed that it is important to test with realistic data as users can empathize better with the situation and feedback is more adequate.
In general, we found that the user-centered approach was very valuable for developing social networking functions as it helped us to distinguish which functions are really useful and which ones are not necessary. We got very good feedback from test participants on the current version of the implementation.
Therefore, we are optimistic that these functions help them documenting their project work, and improving asynchronous communication and collaboration among the team. However, it remains to be tested if these functions really encourage contribution and content creation as we hypothesized. In the near future, Design Thinking teams will use Tele-Board for their project work and then we will investigate how much, when, why or why not they use the "Social Tele-Board"
functions.
